ABSTRACT: Characterizing the behaviors of sea turtles and identifying high-use areas as they vary in time and space is important for conservation planning, particularly when turtles overlap with fisheries that may unintentionally harm them. Between July 2006 and March 2010, 27 satellite transmitters were deployed at sea on juvenile loggerheads Caretta caretta captured as bycatch in the Uruguayan and Brazilian pelagic longline fisheries operating in the Southwestern Atlantic Ocean. Tracking duration ranged from 3 to 639 d (mean ± SD: 259 ± 159 d; n = 27), during which turtles moved between latitudes of 25 to 45°S and longitudes 35 to 54° W. High-use areas for the tracked turtles were over the continental shelf and slope within the Uruguayan, Argentinian, and Brazilian exclusive economic zones and in adjacent international waters. Diving information was available for 5 turtles. The maximum dive depth recorded varied between 100 and 300 m. Two turtles demonstrated potential bottom-feeding behaviors by diving to depths that corresponded closely with the depth of the seafloor (< 200 m) at their given location. The sea surface temperature encountered by tagged turtles was on average 19.8 ± 2.3°C (range: 10.2 to 28.4°C), and turtles showed an affinity for waters supporting moderate to high primary productivity levels (0.43 ± 0.89 mg m −3 chlorophyll a). Latitudinal movements varied by season and sea surface temperature. These findings, along with those of other studies conducted in the region, demonstrate the need to strengthen ongoing collaborative efforts between neighboring countries and other international partnerships to further the research and management of sea turtles in this area.
INTRODUCTION
The loggerhead sea turtle Caretta caretta (Linnaeus, 1758 ) is distributed widely in the tropical, subtropical, and warm-temperate waters of the world's oceans and occupies a range of habitat types (Dodd 1988) . This species has a prolonged and complicated developmental life history and is listed by IUCN as endangered over its entire distribution (IUCN 2012 ). The study of loggerhead sea turtles is extensive, but there are still significant gaps in our knowledge about their ecology and behavior at sea, particularly in the southern hemisphere.
The presence of loggerhead sea turtles in the Southwestern Atlantic (SWA) has been reported for close to 90 yr (Murphy 1914 , Freiberg 1945 due to their occurrence in fishing gear, strandings, and nesting events. In the South Atlantic, the primary nesting beaches are located along the mainland coast of Brazil (Marcovaldi & Chaloupka 2007) . The majority of the nesting occurs in the state of Bahia, followed by nesting in Espírito Santo, Rio de Janeiro, and Sergipe. From almost 3 decades of tag-recapture data, the reproductive biology and adult female movements are well defined for Brazilian loggerheads (Marcovaldi et al. 2000 (Marcovaldi et al. , 2010 . Adult female C. caretta are known to reach southern foraging regions along the Uruguayan coast and Rio de la Plata estuary as well as over to the Azores Islands in the North Atlantic (Marcovaldi et al. 2000 , Laporta & Lopez 2003 . Recently, satellite telemetry has provided insight into the inter-or post-nesting migratory routes, habitat use, and high-use areas of adult female loggerheads from the state of Bahia along the northern coast of Brazil (Marcovaldi et al. 2010 ). While adults have been extensively studied in this region, much less is known about the ecology of juveniles in this part of the world.
The life history and behaviors of loggerhead sea turtles are considerably more complex than previously thought. The classic life-history model proposes that after swimming away from nesting beaches as hatchlings, small juveniles spend more than a decade in the oceanic environment, actively swimming as well as passively drifting (Bolten 2003 ). This conceptual model also presumes that immature oceanic loggerheads at a certain size undergo an ontogenetic shift and move from the oceanic to neritic habitats to maximize growth potential (Musick & Limpus 1997 , Bjorndal et al. 2000 . In contrast, there are numerous examples of both adult and juvenile stage loggerheads exhibiting a diversity of foraging and migratory strategies. For example, juveniles in the North Pacific forage both in the central North Pacific and in neritic habitats off the coast of the Baja California Peninsula, Mexico (Peckham et al. 2007 , Howell et al. 2010 . Also, those in the North Atlantic Ocean have been found to return to oceanic habitats after spending time in the coastal neritic region, which suggests that the ontogenetic shift in this region is actually facultative and reversible (McClellan & Read 2007 , Mansfield et al. 2009 , McClellan et al. 2010 . Until now, there has been no available data describing the movements and behaviors of juvenile loggerheads in the SWA, which has unique physical features that likely influence patterns of behavior and habitat use through the turtles' development.
The ability to answer questions regarding the behavior of marine vertebrates in the open ocean has greatly increased with the latest advancements in technology, as is evidenced by a vast array of satellite telemetry and other tools for research (Hart & Hyrenbach 2009 ). Satellite tags have been used to track the movements of sea turtles since the 1980s, with an exponential increase in the number of studies and turtles tagged in recent years (Godley et al. 2008) . Satellite telemetry and remote sensing have assisted in identifying and characterizing some oceanic regions used by juvenile loggerheads in the North Pacific Ocean (Peckham et al. 2007 , in the Northwestern and midAtlantic (Bolten 2003 , McClellan & Read 2007 , Mansfield et al. 2009 ), and in the Mediterranean (Bentivegna et al. 2007 , Revelles et al. 2007 , Cardona et al. 2009 ). Oceanographic variables such as sea surface temperature (SST), chlorophyll a (chl a), mesoscale eddies and frontal regions have been found to be key variables that characterize the pelagic habitat of loggerhead sea turtles in the North and equatorial Atlantic Ocean as well as the North Pacific Ocean , Mansfield et al. 2009 ).
While most satellite-tracking studies have focused on adult female turtle movement, due to the ease of satellite deployment on nesting beaches, there are a growing number of studies on the underrepresented majority of the population, specifically adult males and juveniles (Godley et al. 2008) . Recent findings suggest some similarities between the major life stages: both adults and juveniles demonstrate dichotomous migratory vs. resident behavior, clearly differentiated neritic vs. oceanic habitat use, and seasonal movement patterns (reviewed by Godley et al. 2008) . Foraging area use and site fidelity is a critical element of sea turtle biology that needs to be described to maximize conservation efforts . Within some populations of adult female loggerheads, dichotomous foraging habitat utilization has been identified and linked to body size (Hawkes et al. 2006 , Hatase et al. 2010 ; however, see Rees et al. 2010) , with small females utilizing oceanic habitats and larger females utilizing neritic habitats (Hatase et al. 2002 , Hawkes et al. 2006 . The neritic vs. oceanic foraging habitat fidelity has also been identified in juvenile loggerheads. For example, Peckham et al. (2007 Peckham et al. ( , 2011 found movement patterns of juvenile loggerheads that were restricted to the neritic habitat of the Baja California Peninsula, Mexico, whereas juveniles are also known to inhabit a broad swath of the oceanic Central North Pacific (Howell et al. 2008 ). In the Mediterranean Sea, there may also be a duality in the foraging habitats (oceanic or neritic) preferred by juvenile loggerheads. Some satellite tracking studies of loggerheads in oceanic waters of the southwestern Mediterranean have found that juveniles infrequently approach the eastern coast of mainland Spain (Cardona et al. 2005 , Revelles et al. 2007 , whereas other studies have revealed that some juveniles avoid the oceanic realm and instead make extensive use of the neritic habitat (Cardona et al. 2009 ). Peckham et al. (2011) compared 2 foraging strategies in juvenile loggerheads in the Pacific using a demographic model and hypothesized that the neritic strategy offers the potential for faster growth and ultimately higher fecundity, whereas the oceanic strategy may be a slower but safer life-history strategy. The mechanisms that produce and uphold this diversity in movement patterns of both adults and juveniles are presently unknown (Hatase et al. 2010) yet may be guided by various ecological trade-offs.
Using a variety of research methods, such as aerial and shipboard surveys, flipper tag returns, and satellite-telemetry, seasonal movement patterns have been described for both adult and juvenile loggerhead turtles in the North Atlantic (Plotkin & Spotila 2002 , Dodd & Byles 2003 , Hopkins-Murphy et al. 2003 , Hawkes et al. 2006 , Mansfield et al. 2009 ), for subadult loggerhead turtles in the North Pacific (Polovina et al. 2004 (Polovina et al. , 2006 , and for adults in the Mediterranean (e.g. Bentivegna 2002) . Thermal conditions are likely cues for seasonal movement, along with other environmental features (e.g. primary productivity and prey availability) (Godley et al. 2008) .
Understanding the relationship between sea turtle movements and habitat is important for the conservation of these endangered species as efforts are underway for dynamic management of species in response to ecosystem variables. Multiple studies have implicated pelagic longline fisheries as an important threat to immature loggerhead sea turtle populations in various regions of the world (Lewison & Crowder 2007 , Howell et al. 2008 , Pons et al. 2010 , Alfaro-Shigueto et al. 2011 ). Impacts to this age class is of particular conservation concern given that population models for loggerhead turtles indicate that the survival rate of large juvenile loggerheads has a large effect on the population growth rate of the species (Crouse et al. 1987 , Heppell 1998 , Heppell et al. 2005 ).
The Brazilian and Uruguayan pelagic longline fisheries operate in an extended portion of the SWA, and their principal target species are swordfish Xiphias gladius, tunas Thunnus obesus, T. alalunga, and T. albacares, and blue shark Prionace glauca (Mora & Domingo 2006) . These fisheries also have high sea turtle bycatch rates, principally of immature loggerhead turtles with a mean curved carapace length (CCL) of 58.9 cm (range: 32 to 109 cm) .
In order to effectively reduce the impact of fisheries bycatch, we need to improve our understanding of how turtles utilize their dynamic marine habitats (Godley et al. 2008) , specifically by providing an oceanographic characterization of the distribution patterns of juvenile loggerhead turtles during different seasons, when temperatures and water conditions vary. The aims of the present study were to characterize the broad scale behavioral patterns, inter-seasonal variability, and general high-use areas for immature loggerhead turtles in the SWA by using satellite telemetry of turtle movements and remotely sensed oceanographic data.
MATERIALS AND METHODS

Turtle, transmitter, and satellite data
Onboard scientific observers of PNOFA-DINARA (the National Program of Scientific Observers Onboard the Tuna Fleet) (Mora & Domingo 2006) and Projeto TAMAR-ICMBio (the national Brazilian sea turtle conservation program) (Marcovaldi & Marcovaldi 1999 ) deployed a total of 27 satellite transmitters on loggerhead sea turtles incidentally captured in Brazilian and Uruguayan pelagic longline fisheries operating in the SWA between July 2006 and November 2009. For a characterization of the Brazilian and Uruguayan longline fisheries, see Sales et al. (2008 ), Jimenez et al. (2009 ), Pons et al. (2010 . Baits most often used are squid Illex argentinus and different species of mackerel (mainly Scomber spp. but also Trachurus spp.) (Mora & Domingo et al. 2006 .
The protocol was to bring captured sea turtles on to the vessel for measurements and attachment of a transmitter. The CCL of turtles was measured following Bolten (1999) . Turtles were evaluated prerelease, and the body condition was noted. Sex was not determined as it was not externally evident due to the small size of the turtles. To prepare turtles for satellite tag attachment, the second central carapa-cial scute mount region was cleaned of epibiota, wiped down with ethanol, lightly sanded, and allowed to air dry. Satellite tags were adhered to the turtles using quick drying 2-part epoxies, Poxipol TM (Uruguay) and Durepoxi TM (Brazil), and allowed to dry for 30 min to 1 h on deck before release of the turtle. ARGOS-linked Telonics platform transmitter terminals (PTTs), models ST-18 and ST-20, were attached to 5 and 6 turtles, respectively, on Brazilian vessels. ARGOS-linked Wildlife Computers PTTs, models SPLASH and SPOT 5, were attached to 6 and 10 turtles, respectively, on Uruguayan vessels. Transmitters had 3 different duty cycles: (1) . Differences in duty cycle were accommodated in the analysis by daily interpolation of location fixes (described below).
Horizontal movements
ARGOS assigns location accuracy estimates (location class [LC] ) to each reported location that are classified as 1−3, 0, A, B, or Z, where locations with LC between 1 and 3 have estimated associated errors of <1500 m of the tag's actual position (CLS 2007 , Witt et al. 2010 . Tracking (transmitted locations up to 24 March 2010) and remote sensing data were downloaded and filtered using the Satellite Tracking and Analysis Tool (STAT) (Coyne & Godley 2005) program available from http://seaturtle. org. For the present study, we included the first location received during a 24 h period in order to reduce spatial autocorrelation (De Solla et al. 1999 , James et al. 2005 , Mansfield et al. 2009 ). We chose to include only LC classes 1 to 3 in the analysis, and to reduce potential inaccurate locations, we ex cluded points that were indicative of transit speeds > 5 km h −1 (following standard filtering techniques, e.g. Luschi et al. 1998 , James et al. 2005 , Hawkes et al. 2007 , Mansfield et al. 2009 ). Filtering removed 1.14% of the locations.
We excluded the first 10 d (3% of the total points) of tracking data from each turtle to avoid including immediate potential post-release behavior that may have been affected by the capture event. This resulted in a total of 26 turtles utilized in the present study (for summary information, refer to Table 1), as Turtle 79832 transmitted for only 3 d. We do not draw conclusions in relation to the nature of transmission cessation or the effects of injury on tracked individuals in the present study. Of the total LC filtered positions for the remaining 26 turtles (n = 3435 good quality locations), net displacements between consecutive daily locations for each individual turtle were calculated using Hawth's Geospatial Analysis tools (www.spatialecology.com/htools) summing over the entire track length to obtain the minimum distance traveled by each turtle. We divided the distance between 2 ob served locations separated by > 24 h by the number of missing days (James et al. 2005 , Mansfield et al. 2009 ). Average travel rate (km h −1 ) for individual turtles were calculated using the ratio of net displacement between each consecutive location and the time elapsed between each location.
Seasons and bathymetric domains were defined as follows: summer (January to March), autumn (April to June), winter (July to September), spring (October to December), continental shelf (0 to 200 m), continental shelf break (> 200 to 1000 m), slope (>1000 to 3000 m), and oceanic (> 3000 m). Bathymetry data (1' latitude/longitude resolution) were obtained from the General Bathymetric Chart of the Oceans (GEBCO, British Oceanographic Data Centre, www. bodc.ac.uk). World exclusive economic zone (EEZ) boundaries were acquired from Flanders Marine Institute's Maritime Boundaries Geodatabase v.6.1 (VLIZ 2012). Weekly averaged SST and surface chl a data were obtained from STAT and used to obtain SST and chl a values for each daily turtle location to characterize turtle and habitat associations. In STAT, SST data were derived from a weekly average of Advanced Very High Resolution Radiometer (AVHRR) sensors onboard NOAA satellites, and average weekly surface chl a was estimated from MODIS satellite sensors at 4 km resolution (Coyne & Godley 2005) .
Vertical movements
Maximum dive-depth histograms (described as the number of dives whose maximum depth was within the specified depth ranges or 'bins' for each 6 h period) were collected by each of the 5 functioning SPLASH satellite tags (see Table 1 ) and relayed through the ARGOS system. Turtles with tag numbers 79830, 79831, and 79835 were programmed with depth ranges distributed as follows: 0, 10, 20, 50, 100, 150, 200, 300, 400, 500, 600, 700, 800, and > 800 m. Turtles with tag numbers 79833 and 79834 were programmed as follows: 0, 10, 15, 25, 35, 45, 55, 70, 100, 150, 200, 300, 400 , and > 400 m. To compare dive depth data among all diving turtles, we consolidated depth bins that ranged between 10 and 100 m. Dive data were collected for every 6 h period throughout the day, starting at midnight GMT time. For the 5 turtles equipped with SPLASH tags, a total of 1798 dive depth histograms (6 h bins) were reported during the tracking duration.
High-use areas
To examine habitat use, the number of filtered daily locations was tallied within hexagonal area bins. In the present study and similar to grids used by James et al. (2005) and Mansfield et al. (2009) , hexagonal area bins were chosen over square bins to more accurately capture the orthogonality of movement paths between adjacent cells. The diagonal and edge length of each hexagonal cell were 64.3 km and 32.2 km, respectively, and each hexagonal cell had an area of 2686 km 2 (which is greater than the estimated location error associated with the least precise position estimate; LC 1: 350 to 1000 m error) (CLS 2007 , Mansfield et al. 2009 ). Each 1° of latitude in the study region was represented by ~1.5 hexagons (~90 km). For defining high-use areas, we created 50 and 75% utilization distribution (UD) contours of turtle tracking days using the Spatial Analyst extension of ArcGIS (ESRI), using a smoothing factor of 120 km and a grid size of 10 km.
Independently of the high-use area analysis, we also simply classified turtles in regard to their distributions within bathymetric zones using a threshold of ≥75% of each turtle's daily locations as being contained within either the neritic/shelf-break region (0 to 1000 m), the slope region (>1000 to 3000 m), the oceanic region (> 3000 m), or in mixed regions (turtles having < 75% of locations in any 1 region).
Statistical analyses
All track analyses were carried out in ArcMap 9.2 (ESRI) in a projected Universal Transverse Mercator 22S coordinate system to avoid distortion associated with geographic coordinate systems. All statistical analyses were conducted in the program R v.2.9.2 (R Development Core Team 2009). We used 1-way analysis of variance (ANOVA) with a post-hoc Tukey test to test for seasonal differences in oceanographic conditions experienced by tracked turtles. Additionally, as travel rate data did not meet the assumption of normality, we used the Kruskal-Wallis test (Zar 1996) with a post-hoc Wilcoxon rank sum test to evaluate differences in median speed among seasonal groups as well as bathymetric zone turtle classification groupings. As the strength of inference on the importance of turtle size (CCL) for turtle behavior or habitat use was low due to small sample size and unequal size distribution of tracked turtles (see Table 1 ), we did not include CCL in statistical analyses. The statistical significance level for all analyses was set to α = 0.05. All descriptive statistics are presented as mean ± SD.
RESULTS
Turtles
The overall CCL was 61.8 ± 6.9 cm (range: 49 to 83 cm, n = 27, Table 1 ). All turtles were captured and released within Uruguayan or Brazilian EEZ over the continental shelf or slope (n = 24; approximately along 53° W, in waters > 200 m in depth) or in international waters (n = 3) (Table 1, Fig. 1 ).
General movements
The overall mean turtle tracking duration for the study period was 259 ± 159 d (range: 3 to 639 d, n = 27), and the minimum distance from release location for all turtles transmitting >10 d was 6050 ± 3630 km (range: 153 to 14 665 km, n = 26) ( Table 1) . During the entire monitoring period, 5 turtles were tracked for >1 yr, 20 were tracked for 100 to 365 d, and 2 turtles were monitored for <100 d before their transmissions ceased in March 2010. All turtle movements were contained within a relatively small region of the SWA, including part of the Uruguayan, Brazilian, and Argentinean EEZs and adjacent international waters. The movements spanned a minimum convex polygon area of 2 244 685 km 2 (Fig. 1) . Horizontal tracks were distributed between 25 and 45° S latitude and between 35 and 54° W longitude (Fig. 1) ). No significant differences in travel rates were found between the oceanic vs. mixed group turtles (p = 0.63).
High-use areas
Hexagonal binning of tracking data (Fig. 2) and kernel utilization distributions (50 and 75%) (Fig. 3) indicated that the areas of highest use for the 26 tracked turtles were mainly concentrated over the continental shelf and slope within the northern portion of the Argentinean, Uruguayan, and southern portion of the Brazilian EEZs and in oceanic international waters between the Rio Grande Rise and the continental slope off of Brazil. Over the continental (Fig. 2) .
Diving behavior
On average, for the 5 SPLASH tagged turtles, 15% percent of dives were to depths less than 10 m, 84% of dives were between 10 and 100 m, and 1% of dives were to depths greater than 100 m. Maximum dive depth ranges for each of the 5 turtles that collected dive data are reported in Table 2 (Table 2) . This indicates that this turtle may have been foraging close or at the seafloor in ~200 m of water, but the discrepancy between the depth reached in dives and the bathymetry suggests a possible measurement error in either the turtle's exact location and/or bathymetric data. For the turtles classified into the mixed group (Turtles 79831 and 79835), maximum dive-depth bins reached in the 3 different bathymetric regions was 200 to 300 m. Both oceanic turtles dove to depths greater than 70 m in the water column; Turtle 79833 reached a maximum depth bin range of 100 to 150 m.
Seasonality
The quarterly latitude frequency plot (Fig. 4) illustrates seasonal variations in north to south turtle AR: Argentina movement in the SWA study region. There were significant differences in mean latitude between seasons (ANOVA, F 3, 58 = 7.45, p = 0.0013), and a posthoc Tukey test showed that the mean latitude was significantly different between summer and winter, summer and spring, and spring and winter (p < 0.0001). During winter, turtles were distributed between 26 and 41° S, and they spent a high percentage of their time between 31 and 32° S (32.4 ± 3.1°S) (Fig. 4) . During autumn, turtle movements ranged between 27 and 42°S, occurring 55% of the time in latitudes between 34 and 38°S (34.7 ± 3.1°S). In the spring, turtles moved between 26 and 46°S, where > 75% of all locations were between 31 and 37°S (33.2 ± 3.36°S), and in summer, turtles moved between 30 and slightly more than 44°S, spending 64% of their time between latitudes of 35 and 39°S (36.1 ± 2.6°S).
There were also differences in mean speed by season (Kruskal-Wallis, χ 2 = 122.14, df = 3, p < 0.0001), and pairwise comparisons indicated that summer rates of travel (1.3 ± 0.99 km h −1 ) were not significantly different than those in autumn (1.2 ± 0.77 km h −1 ) (p = 0.97) but were significantly faster than those in winter (0.9 ± 0.72 km h −1 ) (p = 0.021) and those in spring (1.16 ± 0.88 km h −1 ) (p = 0.021). Autumn rates of travel were significantly faster than those in winter (p < 0.0001) and those in spring (p = 0.024). Winter rates of travel were significantly slower than those in spring (p < 0.0001).
The turtles' movements in relation to SST were also observed to vary between different seasons of the study years. The overall mean SST encountered by the tracked turtles was 20 ± 2.3°C (range: 10.2 to 28.4°C). More than 98% of the turtle tracks were in surface waters of temperatures greater than 15°C. There were significant differences in mean SST between seasons (ANOVA, F 3, 58 = 56.52, p < 0.001), and similar to latitude, mean SST differed significantly between summer and winter, summer and spring, and spring and winter seasons (post-hoc Tukey test, p < 0.05). Turtles experienced cooler surface temperatures during the winter (mean SST: 18 ± 1.8°C) and spring (19 ± 2°C) than during the summer (22 ± 2°C) and autumn (20 ± 2°C) seasons (Fig. 4) .
There were no significant seasonal trends in relation to chl a (ANOVA, Table 2 . Maximum dive-depth bin reached in different bathymetric regions by each turtle equipped with a SPLASH tag. ND: no data. Groupings refer to which bathymetric region the turtle spent the most time (> 75% of tracked days) over the tracking duration
DISCUSSION
The present study is the first to present satellitetracking data of juvenile loggerheads in the SWA. A key result from the present study is the identification of the SWA as a juvenile loggerhead high-use area. All tracked turtles remained within a relatively small area (~2 250 000 km 2 ) during the entire 5 yr of tracking; this is restricted compared to areas used by oceanic juveniles tracked in other major ocean basins (e.g. Kobayashi et al. 2008 , Mansfield et al. 2009 ).
The minimum convex polygon represents only a portion of the known distribution of this species in the SWA, as tracked turtles did not move into areas such as the Rio Grande Rise and the Rio de la Plata estuary where juvenile loggerhead turtles are known to be incidentally captured by the Brazilian longline fleet ) and Uruguayan and Argentinean coastal bottom trawl fisheries (P. Miller unpubl. data). The residence of turtles within the restricted area observed in our study is likely a result of the high prevalence of pelagic and benthic prey . Quarterly frequency distribution plots of (a) latitude, (b) sea surface temperature (SST) and (c) chl a. Seasons specified as follows: winter (July to September, n = 924), spring (October to December, n = 1337), summer (January to March, n = 757), autumn (April to June, n = 754). STAT-derived SST and chl a weekly averages identified for each first daily location point for all turtles stemming from high primary production occurring along the Uruguayan, Argentinean, and Brazilian shelf and offshore regions. Similar residence patterns have been observed in the Mediterranean but mainly restricted to neritic areas (Casale et al. 2012) .
The results indicate a strong seasonality in turtle movements in the SWA, a seasonality driven mainly by SST variability. In addition to seasonal shifts in latitude, turtles tracked in the present study also display seasonal patterns in their mean rates of travel that are consistent with the seasonal pattern in SST encountered by turtles in each season, where highest and lowest temperatures and speeds are in the summer and winter, respectively. The variability in temperatures in the SWA are evidenced by satellite images demonstrating that the warm Brazil current reaches its southernmost latitude during the austral summer (January, February, and March), whereas in the austral winter (June, July, and August), colder waters dominate as the Malvinas current reaches northernmost latitudes (Garzoli 1993) . This seasonality in the turtle movements is similar that of to tracked loggerheads in the North Pacific (Polovina et al. 2004 , as well as that of juvenile loggerheads tracked in the North Atlantic (Mansfield et al. 2009 ) and along the Italian coast (Bentivegna 2002 , Bentivegna et al. 2007 ). In contrast, juvenile loggerheads in the western Mediterranean (Algerian Basin) do not demonstrate seasonality in their movements, which Revelles et al. (2007) explain by the fact that the Algerian Basin is largely thermally homogenous. Other studies on adult loggerheads, as well as leatherback turtles, also indicate the presence of a seasonal north-south trend in migration patterns (Plotkin & Spotila 2002 , HopkinsMurphy et al. 2003 , Hawkes et al. 2007 . This seasonality is possibly driven by the species' thermal preference (Howell et al. 2010) or limit (McMahon & Hays 2006) . Our results are consistent with findings from other studies on juvenile loggerheads, as we also find that ~98% of the turtle movements were in water temperatures greater than the 15°C isotherm.
Seasonality in movements may also be influenced by a combination of both thermal preference and prey availability in certain seasons. High prey availability is generally known to be associated with productive blooms during the spring and summer seasons corresponding with turtles being distributed more polewards, whereas during colder seasons, turtles will tend to be distributed more equatorward with warmer waters to rely more heavily upon prey concentrations at frontal regions/mesoscale eddies (Mansfield et al. 2009 ). Kobayashi et al. (2008) have found that latitudinal movements of loggerheads in the Pacific Ocean also correspond to variations in chl a; however, the tracked turtles in the present study do not seem to track chl a. It is important to note that there may also be lags between turtle movement and biological features, as turtles do not directly consume primary producers.
The SWA, characterized by the Brazil-Malvinas confluence, is a highly energetic and productive region (Chelton et al. 1990 , Saraceno et al. 2005 . From surface drifter data, mean surface currents in the study region range in mean speeds from 0.01 tõ 2.5 km h −1
; however, this region (particularly around the Brazil-Malvinas Confluence) is highly variable (standard deviations as high as 1.44 km h −1 ), and maximum current speeds are reported to be up to ~5 km h −1 (Vivier et al. 2000) . Given this, turtle rates of travel in the present study area are well within those theoretically possible. A mean rate of travel of 1.04 or 1.1 km h −1 described for the turtles in the present study is comparable to mean rates of travel reported by Kobayashi et al. (2008) ), among others. The tortuous tracks as well as the rates of travel exhibited by the SWA juvenile turtles could possibly be the result (to some degree) of passive transport by local currents in the region in addition to their own station-holding abilities, diving behavior, and directed active movements. While clearly demonstrated for leatherbacks (Gaspar et al. 2006) , further research is necessary to differentiate between active and passive movement for loggerhead turtles of all life stages and in all ocean basins.
Tracking studies of juvenile loggerhead sea turtles have begun to describe their movements in relation to mesoscale features, such as fronts and eddies (Polovina et al. 2000 , Bentivegna et al. 2007 , Revelles et al. 2007 , Howell et al. 2010 . The SWA is a region with high presence of warm and cold core eddies (Chelton et al. 1990 ) and a diversity of fronts (Acha et al. 2004) , which are linked to the high primary productivity of the region (Saraceno et al. 2005) and have differing effects on fish biodiversity and abundance (Alemany et al. 2009) . Although the present study does not address the fine-scale habitat associations of tracked turtles, further studies on these turtles could determine if they exhibit distinct scales of movement and whether those scales of movement are associated with mesoscale environmental features, such as eddies and fronts. Furthermore, with recent advances in detection and monitoring of remotely sensed oceanic frontal features (Belkin et al. 2009 ), a finer spatial and temporal scale identification of frontal regions may be possible, which may lead to a better understanding of the environments encountered by turtles (e.g. Kobayashi et al. 2011) .
While there is recent evidence for a reversible ontogenetic shift in the North Atlantic population of loggerheads (McClellan & Read 2007) and alternative foraging strategies in the North Pacific (Peckham et al. 2011) , movement data from juvenile loggerheads in the SWA is suggestive of individuals in the 'juvenile transitional stage' (Bolten 2003) . Bolten (2003) suggests that this transitional stage is likely to vary in duration and probably occurs in geographic regions where major currents near or enter into the neritic zone (Bolten 2003) ; the Brazil-Malvinas confluence is such a region. Most of the turtles tracked in the present study (15 individuals of 26 total) re mained largely in the oceanic region (depths > 200 m) for the entire tracking duration; however, 8 turtles moved from oceanic regions to neritic regions (< 200 m depth) and remained in neritic regions until tracking cessation. Moreover, 2 turtles moved from oceanic regions to neritic regions and then back out to depths > 200 m. Interestingly, 1 turtle (79823) moved from the oceanic to neritic, back out to the oceanic, and then back in to the neritic, spending multiple months in each habitat. The mean CCL for the tracked turtles in the present study is ~61 cm, which is larger than that reported for the transitional stage in other regions, e.g. ~53 cm CCL reported by Tiwari et al. (2002) off the coast of Morocco; however, it falls within the overlapping neritic and oceanic turtle sizes (from 45 to 68 cm) reported by Bolten (2003) . In comparison, for immature loggerheads tracked in the NW Atlantic, it was found that those individuals that exhibited a preference for neritic habitats were not significantly larger than those that spent more time in the oceanic habitat (Mansfield et al. 2009 ). Regardless, our data are consistent with the hypothesis that immature loggerheads in the SWA do not recruit to the benthic phase in one step from a strict oceanic pelagic phase.
Further support for the 'transitional stage' hypothesis is given by the diving behavior presented in the present study as well as the diets of stranded loggerheads along the coast of Uruguay. Results from the present study demonstrate that 1 individual actively dove to depths close to the seafloor in regions within the 200 m isobath. Although this is not conclusive evidence of bottom feeding, it does suggest at least exploratory and possibly foraging dives.
Evidence also suggests that juveniles in this region may be foraging on the seafloor in neritic regions, based on a diet study of stranded juvenile loggerheads (Martinez-Souza 2009) along the Uruguayan coastline, where items such as crustaceans (Libinia spinosa and Dardanus arrosor insignis) and mollusks (Buccinanops cochlidium and Pachycymbiola brasiliana) were found in turtle stomachs. While we were not able to compare the sizes of turtles that spent a significant amount of time on the continental shelf to those tracked primarily in deeper depths in the present study (due to the small sample size), it is possible that larger juveniles in this region may display more dives to bottom depths than smaller individuals. Further investigation into the variation in diving patterns of juvenile loggerheads present in the SWA neritic region will help to further elucidate this facultative habitat shift.
A large proportion of the turtle movements presented in the present study fall within a high juvenile loggerhead turtle bycatch zone as identified by Giffoni et al. (2008) (Zone 2, from latitudes 25 to 39°S) and by Sales et al. 2008 (Zone 3) . Both the 50% and 75% utilization distributions are almost entirely contained within Zone 2 (Fig. 3) . According to , between January 2005 and July 2007, Zone 2 had the highest loggerhead catch-per-unit-offishing-effort (CPUE, number of turtles caught) values (0.939 turtles per 1000 hooks) and 78% (n = 1532 turtles) of the total observed loggerhead captures for both the Brazilian and Uruguayan pelagic longline fleets. Similarly, Sales et al. (2008) also reported high CPUE values (up to 2.17 turtles per 1000 hooks) in this region using Brazilian pelagic longline data from 2003 to 2005. Additionally, bycatch data from Uruguayan and Brazilian pelagic longline fisheries operating in the SWA indicate that juvenile loggerheads are also distributed in oceanic waters to the north of the region that was utilized by tracked turtles in the present study. Associations between turtle bycatch positions, tracking locations, and physical and biological oceanographic features may lead to a more complete understanding of the possible environmental indicators for turtle interactions with pelagic longline sets (similar to that of the Hawaiibased pelagic longline Turtlewatch program) (Howell et al. 2008 ), which in turn may allow for more efficient future management.
The results of the present study clearly define the waters off southern Brazil and Uruguay as the first identified juvenile loggerhead developmental highuse area in the South Atlantic; however, much still remains to be understood about their environmental niche and vulnerability to anthropogenic threats in the region. We suggest that further research in this geographic region is needed to provide a more comprehensive view of the ecology of juvenile loggerheads in the SWA. For example, additional satellite telemetry studies and subsequent analysis of the hori zontal and vertical behavior of juvenile-stage loggerheads along the SWA continental shelf will lend further insight into the prevalence of the 'transitional stage' or presence of the ontogenetic shift (be it reversible or discrete) as well as their 3-dimensional behavior in relation to regionally operating fisheries (Howell et al. 2010) .
Recent research has also indicated the SWA to be an important area for other species of sea turtles (e.g. Lopez-Mendilaharsu et al. 2009 ) as well as seabirds (e.g. Jiménez et al. 2011) , marine mammals (e.g. Passadore et al. 2013) , and sharks (e.g. Hazin et al. 2008) , which is likely due to the region's unique physiographic (i.e. extensive Patagonian shelf and steep slope) features and oceanographic conditions (i.e. Brazil-Malvinas Confluence). As the issue of bycatch is a regionally understood issue in pelagic longline fisheries as well as in other commercial and artisanal fisheries along the coasts of Uruguay, Brazil, and Argentina, further collaborative research with the fishing sector is required to quantify the proportion of overlap of fisheries with independent data on the distributions of sea turtles and other marine mega-vertebrates in the region. Fortunately, bycatch monitoring and mitigation has been operating at a high level for more than a decade due to the efforts of multiple regional fisheries management organizations since the late 1990s , and researchers have performed pertinent research aiming to understand the spatio-temporal patterns in bycatch , Pons et al. 2010 , the efficacy of mitigation measures (i.e. circle hooks; see Sales et al. 2008 , Domingo et al. 2012 , and the general ecological patterns of different life stages (e.g. Marcovaldi et al. 2010 , González Carman et al. 2012 in the region. 
